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ABSTRACT

This document discusses how NASA's NAS can benefit from NFS. A case

study is presented to demonstrate the effects of NFS on the NAS supercom-

puting environrr, ent. Potential problems are addressed and an implementa-

tion strategy is proposed.

1.0 Introductio n

The Sun Microsystems Network File System (NFS) has become a popular standard be-

cause it allows users to transparently access files across heterogeneous networks. NFS sup-

ports a spectrum of network topologies, from small, simple and homogeneous, to large,

complex, multi-vendor networks. In NASA's NAS computing environment, many differ-

ent computing resource:; are available to users. Currently, users have information scattered

across many different computer systems. This information has to be copied to a particular

computer and then converted to the appropriate formats before it can be used locally. The

current NAS nfsmount and nfsumount implementations allow users to mount and unmount

remote file systems between workstations. If the NFS utilities could be modified to work

with the Cray 2 computers, users would no longer need to perform the tedious file transfer

operations manually. Cnce a remote file system is nfsmounted, it can be manipulated as a

local file system. But the effects of NFS on this computing environment should be inves-

tigated so that any potential problems can be identified. This paper will outline the basic

1. NFS is a registered trademark of Sun Microsystems, Inc.

2. Cray is a registered trademar_ of Cray Research, Inc.



NFS architecture, identify typical performance problems, and recommend specific solu-

tions.

The first phase of this project is modifying the nfsmount and nfsumount utilities to work

with the Cray computers. The second phase verifies NFS functionality on the Crays using

Sun Microsystems' NFS test suite. The third part involves a case study to determine the

worst-case scenario caused by NFS within the NAS computing environment. These poten-

tial problems will be addressed in the last section to make NFS a winning case in NAS.

2.0 Background

In order to study the effects of NFS on the NAS computing environment, some background

ofNFS, NAS networking environment, its resources utilization, and the nfsmount utilities

will be helpful.

2.1 NFS

The Network File System is a utility for sharing files in a heterogeneous environment of

machines, operating systems, and networks. Sharing is accomplished by mounting a re-

mote file system on a local file system, then reading or writing files in place. The NFS pro-

tocol is designed to be machine, operating system, network architecture, and transport

protocol independent. This independence is achieved through the use of Remote Procedure

Call (RPC) primitives built on top of an External Data Representation (XDR). The sup-

porting mount protocol allows the server to hand out remote access privilege to a restricted

set of clients. It performs the operating-system-specific functions that allow, for example,

to attach remote directory trees to some local file systems.

Figure 1 depicts a typical NFS environment: one server supporting several clients connect-

ed via Ethernet 3. The server manages the shared resources such as data files and applica-

tions. The server is also responsible for the multiplexing of its resources among the various

clients. The server must also maintain and protect the data within these shared resources.

3. Ethernet is a registered trademark of Xerox Corporation.
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Figure 1.The NFS Environment

Some of the advantage_; offered by NFS are:

• To the users, all nfsmounted file systems have no apparent difference from a local

disk. Users are able to access remote information without knowing the network

address of where the data resides. Information on the network is truly distributed.

• NFS offers an extensible set of protocols for data exchange, and allows computers

of different operating system to be integrated to the network.

• NFS provides a flexible, operating-system-independent platform for software in-

tegration. SoJtware from different vendors can be integrated easily.



• NIS (NetworkInformationService),aNFS-basednetworkdatabaseservice,al-
lowstheUNIX maintenancecommandsto beadaptedandextendedfor thepur-

poseof networkandmachineadministration.NIS alsoallowscertainaspectsof
networkadministrationtobecentralizedonasmallnumberof file servers.

• NFSinheritedtherobustnessof the4.2BSDfile system.Thisstatelessprotocol
anditsdaemon-basedmethodologyalsoprovidesfile andrecordlockingcapabil-
ity. Shouldaclientfail, theservercanmaintainitsfunctionalstate.Shouldaserv-

er or a networkfail, it is not necessarythattheclientscontinueto attemptto
completeNFSoperationsuntil theserveror thenetworkreturnsto its functional
state.

2.2 NAS Computing Environment
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Figure 2.A Simplified NAS Network Diagram.

Figure 2 is a simplified network diagram of the NAS computing environment. Currently,

there are more than 200 workstations on the network; most are from Sun and SGI. The ma-

jority of these workstations are Ethernet-based. They are grouped into East, West, Main

and Other subnets. Each subnet is capable of connecting up to 1,024 computers. These

workstations are networked to the Crays through Ethernet (10 Mb/s) and Hyperchannel 4

(50 Mb/s). If engineering workstation EW07 on the West subnet has to communicate with

the Crays, it can send i_tformation through the West Ethernet, a gateway (Jonathan in this

4. Hyperchannel is a registered trademark of Network Systems, Inc.



case) and then through the Hyperchannel.

A majority of these workstations in NAS are equipped with a local disk drive with capacity

of 380 MBytes or less. With disk space taken up by the operating system, about 130

MBytes of usable disk space is left for the users. Due to the limited local storage, users'

information often has to be off-loaded to a file server or a remote computer. Also certain

data can only be generated on the Cray computers. Each time this data is needed, it has to

be manually copied back to the local workstation across the network using RCP or FTP.

These file transfers take up users' time, CPU time, and network time.

Currently, NFS is only publicly available between the two Cray computers. IfNFS became

available to users between the two Cray computers and the workstations, NAS could ben-

efit from the following changes:

• NFS would allow information stored on the Cray file systems to be used locally

on workstations in a transparent manner. Users would no longer need to copy

data from remote file systems.

• Solution analysis could be performed on a workstation with data retrieved from

the Cray file systems. This would free up the remote supercomputer, provided the

analysis was more CPU intensive than the I/O intensive.

• A Cray remote file system could be mounted onto several workstations. Different

users could share information on the same remote file system. Local copies of

this information could be avoided and file system maintenance would become

easy because some of these heavily-used data files could be centralized in a cer-

tain location and shared by many users.

2.3 Nfsmount and Nfsumount

Nfsmount and nfsumount allow file systems to be cross mounted between workstations

without the need of special privileges. The remote file systems are then used as local file

systems. The syntax for these utilities are :

nfsmount hostname

nfsumount hostname

# e.g. nfsmount ew07

# e.g. nfsumount ew07



Nfsmount will perform the following :

• Find the user's home directory on the remote file system.

• Create a local mount point.

• Mount the remote file system onto the local workstation.

Nfsumount will perforra the following :

• Find the user's directory on the remote file system.

• Unmount the lemote file system from the local workstation.

• Remove the remote file systems mount point.

These utilities have been modified to allow Cray file systems to be mounted on worksta-

tions. The syntax and operation of these commands remain unchanged. The changes are

that nfsmount will now mount both the user's home directory and scratch directory. Instead

of mounting the file systems to/r/remote_host/wk, nfsmount actually issues the following

system calls:

mount remote_host:/u/disk_part/user /r/remote_host/disk_part/user

mount remote_host./u/scratch/user /r/remote_host/scratch/user

A remote file system can be hard-mounted or soft-mounted. A hard-mounted file system

causes client requests to retry until the file server responds. If the server fails to respond,

a "nfs server not responding" message will be returned to the client. A soft mounted file

system returns a "conneztion timed out" error after trying a finite number of times and giv-

ing up. A soft mount option is used in the current nfsmount implementation so that the

client will not hang when the file server is down or the network is broken.

3.0 NFS Performance Evaluation

File systems on the Cray computers can currently be mounted onto workstations for testing,

but functionality and performance are a concern because NFS was not functional on Crays'

UNICOS 5 prior to release 5.1. It is advised that a plan be implemented to verify NFS' func-



tionalityandreliability in futurereleasesof the UNICOS operating system. Also, the ef-

fects of NFS on the NAS computing environment should be investigated before it is made

available to users.

The NFS performance evaluation is divided into three parts. It first performs a NFS func-

tional verification on the UNICOS 5.1; it then compares the efficiency of NFS versus the

traditional methods of acquiring data from the remote hosts. The last part performs a case

study to determine the impacts of NFS on the NAS computing environment.

3.1 Functional Test

Sun Microsystems has developed a NFS functionality test suite which can be used to exer-

cise different areas of NFS on a computer. The test suite is divided into basic, general and

special sections as shown in table 1.

This test suite was ported to a SGI 4D/60 workstation. All three sections were applied to

the file systems on the Cray Y-MP and the Cray -26 while nfsmounted to a workstation. In

a recent UNICOS upgrade to 5.1.8, NFS on Navier and Reynolds experienced serious fail-

ures. When a client accessed a file residing on the NFS server, the file attributes were set

improperly, even on a READ_ONLY file system. The owner id and the group id were er-

roneously set to - 1 which indicated that the owner of the file is not recognized. These mod-

ifications were removed and NFS was restored to its functional state. Most of the tests in

this test suite passed except for symlink, tbl and nroff; therefore, Navier and Reynolds are

still considered as having passed the NFS verification. See section 3.1.1 and 3.1.2 for the

details.

Basic tests General tests Special tests

file and directory creation small compile open/unlink

5. UNICOS is a registered trademark of Cray Research, Inc.

6. Cray Y-MP and Cray-2 are registered trademarks of Cray Research, Inc.



file and directoJy removal tbl open/chmod

lookups across mount point nroff lost reply on re-

quests

setattr, getattr, and lookup large compile exclusive create

read and write simultaneous large compiles negative seek

readdir rename

link and rename sparse file read/

write

symlink and rea :llink Holey file test

statfs

"[able 1.Basic, General and Special Tests

3.1.1 Symlink

Creation of symbolic lirks to Cray-2 and Cray Y-MP files failed. The error retumed was :

test8: symlink and readlink

test8: (/r/navier/nb_ lam/test/te stdir)

can't make syndink file.0 : io error



BecauseUNICOS5.1isaSystemV7Release3basedoperatingsystem,symlinkisnotsup-

portedin thisreleaseof SystemV. Referto theAT&T SystemV Release3 Definitions
(SVID3)for moredetails.Systemsfailingthesymlinktestcanstill beconsideredaspass-

ingthetestsuite.AppendixA andB arelistsof testsandresultsof Navier'sandReynolds'
verification.

3.1.2 tbl and nroff

Tbl and nroff requests to Navier and Reynolds also failed. The errors were:

tbl

stat: bad data format in tbl.time (Permission denied: tbl)

nroff

stat: bad data format in nroff.time (No such file or directory: nroff)

These tests failed simply because text formatting utilities are not available on these super-

computers.

3.2 NFS Case Study

File servers make their file systems available to clients by satisfying several types of re-

quests. These include reading data, writing data, looking up files and returning file status.

This is not very different from requests made by a local time-sharing user on a local file

system except that requests have been directed through a network and some layers of pro-

tocol. In the case of Sun's NFS, for example, requests pass through NFS, R_PC (remote pro-

cedure call), XDR (external data representation), UDP/IP and an Ethemet (and/or other

media), in addition to the normal file system mechanism of the server. Given the diversity

and complexity of NFS environment, isolating problems can be difficult. In this case study,

a "black box" approach is accomplished by running the nfsstones benchmark on a varied

number of clients. The detailed analysis of individual layers of the networked file system

and its underlying protocols are avoided on purpose. It looks at the NAS computing envi-

7. System V is a registered trademark of AT&T.



ronment as three components: the NFS server (Navier), the clients (4D workstations) and

the networks.

This study attempts to .gain an understanding of the worst case scenario of NFS in NAS.

NFS will be stressed in this case study to identify which one of its components in this en-

vironment will be affected the most so that corrective actions can be suggested. NFS ac-

tivities probably would not be as heavy as that in this case study. Before we go on with the

case study, some background of the nfsstones benchmark, TTCP and traffic utilities are

necessary. These tools are used to determine the capability of each component in this en-

vironment.

3.2.1 Nfsstones

Nfsstones is a network tile server performance benchmark developed by Encore Computer

Corporation. This program is designed to be portable between different NFS platforms.

Nfsstones can be thought of in terms of NFS operations per second, where NFS operations

represent a mixture of requests composed of lookup, read, readlink, getattr, write and cre-

ate, etc. This benchmark emulates the NFS model, presented by Sandberg 8, which was

tuned to reflect what is believed to be an NFS environment under normal usage (although

compressed into a small time). The nfsstone developers believe that the figures obtained

empirically by observing kernel meters after a single run of this nfsstones benchmark are

close enough to match Sandberg's figures obtained by compiling the nfsstat statistics.

NFS operation Sandberg % nfsstones %

lookup 50 53.0

read 30 32.0

8. Sandberg, R., "The Sun Network File system: Design, Implementation and Experience", Sun Technical Report. A
version also appeared in the USENIX Summer 1985 Conference Proceedings, pp. 119-130, although not with the ap-

pendix of NFS operations refelenced.



readlink 7 7.5

getattr 5 2.3

write 3 3.2

create 1 1.4

Table 2. Distribution of NFS Request in Nfsstones

This benchmark program was ported to the SGI 4D workstations, and used as a means to

measure the NFS performance. The reason for choosing this program as the measurement

tool is simply that it creates a tremendous number of NFS requests. The nfsstones is used

as a tool to stress the server in a manner which is reasonably representative of the kind of

load seen during very heavy usage.

The typical nfsstones performance on a 4D/70 and the Cray-2 are shown in table 3. A 4D/

60 was used as a NFS client to deliver NFS requests at full capacity. Both the Cray-2 and

the 4D/70 are faster than the 4D/60; they are capable of accepting all traffic delivered by

the 4D/60. Using a Cray-2 as the NFS server, the performance is 64 nfsstones per second.

Using a 4D/70 workstation as the server, the result is 55 nfsstones per second. The perfor-

mance difference is a result of the higher NFS server performance of the Cray-2 over the

4D/70. We will only see a performance difference as the number of NFS clients increases,

that is, the number of NFS requests increases.

Client SGI 4D/70 as server Cray-2 as server

4D/60 55 stones 64 stones



Table3. nfsstonesperformance

3.2.2 TTCP

TTCP (Test TCP Connection) is a public-domain program developed and modified by T.C.

Slattery ofUSNA, Mik_ Muuss of BRL, and Silicon Graphics, Inc. This program makes a

connection on port 500_ and transfers fabricated buffers or data from stdin. It transfers data

to a remote host using it protocol (TCP or UDP) specified by the user, and returns transfer

statistics. TTCP was ported to the 4D workstation and Navier, and loop-back tests employ-

ing UDP protocol were applied to WK202, EW07, WKD0 and Navier. A loop back test

sends data from one computer to itself going through all the network protocol layers. It

measures the I/O transfi_'r rate of a computer without actually sending data through the net-

work. The transfer rate is the theoretical maximum rate at which a computer can send data

to a computer network. Table 4 shows the results of these loop-back tests.

Computer KB/sec Mb/sec

4 D/60 638 5.12

4D/70 1,432 11.46

4D/320 VGX 2,843 22.74

C ray-2 8,192 65.50

Table 4. I/O Transfer Rate for the SGI 4D/60, the 4D/70, the 4D/320, and the Cray-2.

3.2.3 Traffic



Traffic is a SunView program that graphically displays Ethernet traffic. It gathers statistics

from etherd (8C), running on a host machine. The tool is divided into subwindows, each

giving a different view of the network traffic. This program is capable of displaying infor-

mation on traffic load, size, protocol, source and destination. We are only interested in the

traffic load; this feature will be discussed.

Traffic load is represented as a strip chart. The maximal value of the graph represents a

load of 100%, that is, 10 Mb/s on the Ethernet. The West Ethernet traffic was monitored

by FS04 at different times during normal business hours. Normal business hours are be-

tween 9:00 am to 5:00 pm when the production machines are in interactive use. Figure 3

shows one of the traffic displays sampled during normal business hours. The data shows

that the nominal West Ethernet utilization stays below 10% of capacity most of the time.

3.2.4 Case Study Set Up

Navier, a Cray-2 supercomputer with 4 CPUs each running at 250 MHZ, was used as the

NFS server in this study. A total of 8 SGI 4D clients in the West Ethernet were employed

to run the nfsstones benchmark simultaneously, in order to produce the worst-case scenar-

io. Each SGI workstation has an ESDI hard disk with an I/O transfer rate of 1.5 MB/s (12

Mb/s). While these workstations were running the benchmark, the West Ethemet was mon-

itored by FS04's traffic utility. Network statistics were retrieved along with the nfsstones

data. These workstations started their execution one by one, so that the network work load

would correspond to the number of NFS clients present. This test was carried out during

normal business hours.

3.3 Case Study Results

NFS performance problems can usually be broken down into four areas: client, network,

server bottlenecks, and NFS itself. If the potential problem areas can be identified among

these components, these problems can be isolated and addressed properly. The results of

this study, along with its potential problems will be discussed in the following sections.

3.3.1 Client Bottlenecks



Figure 4 is a graph of traffic during production hours. This graph shows the West Ethemet

utilization versus the number of NFS clients present. At the early stage of the test, no NFS

client was running the benchmark yet. The less-than 10% traffic load was the nominal us-

age on the West Etherrtet. When one workstation started the benchmark, the traffic load

increased to 20%. As more clients participated in the test, the traffic load increased. When

more than 4 workstations were involved in the test, the average work load sustained a level

of 40% and peaked at 60% occasionally. The West Ethernet was stretched to its limit, con-

stantly receiving at least 4 Mb/s of traffic at this time. It took only eight SGI 4D/60 work-

stations to saturate the Ethernet.

The 4D/60 is the slowe:;t of the SGI 4D machines that was used in this test. It can absorb

incoming I/O at a rate of 5.12 Mb/s as shown in the loop-back test. Although the Ethernet

transfer specification is 10 Mb/s, 5 Mb/s is a more practical and acceptable figure, because

network usage can always be translated into network delay as shown by B. Lyon and R.

Sandberg 9. With the late that the 4D/60 can absorb incoming I/O, it does not seem that

the client is a bottleneck in this environment, especially since each of the workstations has

its local hard disk. Certain amounts of information can be stored locally; it largely reduces

the overall load on the server and the network. With the availability of the WKSII, which

has an I/O transfer rate ;'our times as fast as the 4D/60's, the clients are not going to be the

bottleneck in this environment.

9. B. Lyon, R Sandberg. " Breaking Through the NFS Performance Barrier", Legato Systems, Inc. commercial publica-
tion, 1989.



Figure 3.Nominal West Ethemet utilization during normal business hours.

Figure 4.West Ethernet utilization during Nfsstones test.



3.3.2 Server Bottlenecks

Figure 5 is a plot of nil;stones performance on Navier in this time interval. Curve 1 is the

average nfsstones performance versus a varying number of NFS clients present; curve 2 is

the total nfsstones per s,:cond delivered by Navier. When a single workstation was running,

it achieved a result of 64 nfsstones per second. As the number of NFS clients increased,

the average performance decreased and the total nfsstones delivery increased. When 8 cli-

ents were present, Navi,:r's average performance dropped to a low of 28.1 nfsstones per sec-

ond. Its total nfsstones delivery leveled off at 220 nfsstones per second. Although Navier

is a supercomputer, it is still a limited resource. 220 nfsstones per second was the maxi-

mum total that Navier delivered in this test. The average time per server request remained

at a rate of 880 nanoseconds.
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A similar study has been conducted at Legato Systems, Inc., using 8 diskless Sun 3 cli-

ents 10. It is found that 30 NFS calls per second is a fair representative of an average NFS

network. At this load, average response time for an NFS operation is 47 ms. Comparing

this result with the case study at NAS, the average performance achieved in this environ-

ment is much better than that of an average NFS environment.

The server CPU could be the bottleneck in an NFS environment, but it is not the case here.

Rather, the server's I/O subsystem is usually the primary cause of poor NFS performance.

The speed of the disk is the limiting factor on most NFS servers. CPUs in the class of the

Cray Y-MP and the Cray-2 can keep up with the rate of NFS requests that the Ethemet can

deliver. Slower machines are not able to do this, and even moderate loads on a server could

swamp its CPU. The Cray-2's 65.5 Mb/s I/O capability has no problem in catching up with

the NFS requests that an 10 Mb/s Ethernet can deliver. As it is shown in Table 3, there is

only a 10% difference in performance when a Cray-2 is used as a server instead of a 4D/

70. The Cray's 250 MHZ CPU is at least 30 times faster than the 12 MHZ CPU on a 4D/

70. With 4 CPUs on the Cray-2, the total performance is 120 times faster than a 4D/70, but

there is only a 10% improvement in the NFS performance. This is simply because the serv-

er is not a bottleneck in an NFS environment.

The server is unlikely to cause any potential problem, unless each workstation has a dedi-

cated channel requesting services from the Crays. Otherwise, we should be more con-

cemed about Crays flooding the Ethemet easily.

3.3.3 Network Bottlenecks

The network used to communicate between the client and server does not normally cause

a performance bottleneck. There are, however, two conditions to look out for: network de-

lays and high retransmission rates. If the Ethemet is over-utilized, the client will experi-

ence longer delays waiting for a free slot to send requests in. Ethernet utilization over 50%

is often indicative of excessive network delay, as recommended by the Network and Com-

munication Group at NAS. Another factor contributing to excessive delay is network to-

pology. If clients are located many hops away from servers, their requests may experience

t0. ibidem



long delays.

In the period these workstations were running nfsstones, netstat reported the statistics in ta-

ble 5. The collision rate on the West Ethemet was monitored at 0.8% in a one-week test

period. The West Ethemet collision rate increased to 9.6% after running nfsstones. This

drastic increase in collision rate indicates that the probability of packet collision is high.

NFS is a UDP based protocol. This simple but unreliable protocol sends a packet but does

not guarantee that it will be received. When 8 NFS clients were running on the West Ether-

net, a tremendous amotmt of network traffic was created. Consequently, the probability of

collision increased greatly since the network collision rate is directly proportional to the

network load. If a NFS client's request is not acknowledged, NFS retransmits the request.

A high retransmission 1ate can created even more traffic on the network and make the sit-

uation worse.

Collision rate

No nfsstones running 0.8%

8 clients running nfsstones 9.6%

Table 5.Netstat statistic on the West Ethernet

In the worst-case scenario, assuming all 31 workstations on the West Ethernet are 4D/60s,

this subnet can generate traffic of 153.6 Mb/s. It exceeds the 10 Mb/s bandwidth of Ether-

net. It is not possible fox Ethemet to catch up with this number of NFS requests. However,

this is the worst-case scenario; it is unlikely that all workstation users will be generating

this kind of network tratfic all at the same time.

Network utilization at NAS peaked at 60% (6 Mb/s) in this test during normal office hours.

50% or more network usage is an indication of an overloaded network. As the number of

NFS clients increases, t_e traffic on the Ethernet will increases. Each client competes for



networkusageandblockstheothers. For instance, rlogin processes that require instant-

interactive response are impacted most.

Therefore, although the NFS impact on the supercomputers is minimal, its impact on the

network and the clients are much more severe. The clients will experience a long delay in

sending a request or waiting for a service. This potential problem has to be resolved to im-

prove the network throughput.

3.3.4 NFS Bottlenecks

The nature of NFS itself causes performance bottlenecks at the server. This simple stateless

protocol requires a client request to complete before the client can be acknowledged. If a

client does not receive this acknowledgement, it retransmits that request to the server. This

protocol guarantees all client requests actually complete and modified data is safely stored.

It requires data to be synchronously committed to disk; therefore, a server cannot easily

cache modified data in volatile storage. This very desirable property of crash-survivability

causes these performance problems:

• all NFS operations require disk I/O operations,

• these operations have to be performed serially; there is no opportunity to optimize

the disk arm scheduling,

• disk write operations cannot be avoided by caching.

These factors contribute to NFS itself possibly being a bottleneck.

4.0 Recommendation

The case study shows that the impact of NFS on the network is more severe than that on

the supercomputers. Even with a 10% nominal network usage, the network remains a po-

tential problem. Under excessive network traffic load, whether it is created by NFS, FTP

or RCP, it could block others from accessing resources through the same channel. For in-

stance, rlogin and rsh processes that require instant-interactive response are impacted most.

The root cause to the problem is the current state of the NAS network, not NFS. To be more

specific, it is caused by the Ethernet. NFS is a valuable tool; it should be made available to



NASusers.AlthoughNFSdoesimpacttheNAS computingenvironmentin someways,
thissituationcanbecorrected;especiallywith theongoingMediumSpeedLAN project
andtheavailabilityof WKSII.

4.1 Network Solution

This Medium Speed LAN project will re-structure the current NAS network configuration.

Although the procurement has not been awarded yet, it is scheduled for the near future.

Figure 6 is a conceptual configuration of the future NAS network. NASNET will again be

divided into several subnets; each has a direct link to the HSP computers. Each Medium

Speed LAN is capable of supporting a minimum of 150 SGI scientific workstations; and

capable of delivering a minimum userspace-to-userspace transfer capability of 8 Mb/s be-

tween the HSP comput,_rs and the workstations. The HSP computers are then networked

to the MSS 2. The mirimum transfer rate on this particular link is 20 Mb/s. The hops in

between the HSP and the workstation in the current configuration will be eliminated to di-

minish the network delays.
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Figure 6.A Conceptual NAS' Medium Speed LAN Configuration.

The future NASNET configuration is highly dependent on the hardware available; there-

fore, it is difficult to predict the actual configuration at this time. The number of subnets

and the number of workstations on each subnet has to be determined when the Medium

Speed LAN is available. The actual effects of NFS on the Medium Speed LAN is not clear.

A test has been performed on a 4D/60 workstation. A file is read from the disk and then



writtenbacktoit. Thereal-timetransferrateis foundtobe7.2Mb/s. Accordingto theMe-

diumSpeedLAN specifications,userstheoreticallyshouldbeabletoretrievedatafromthe

remotefile systemsata rate faster than reading the same data from the local disk.

If the Medium Speed LAN can not be made available, an alternative solution is further di-

viding the current NASNET into more subnets. This will reduce the number of worksta-

tions and the possible network traffic on each subnet. NASNET currently employes a class

B network structure; it can handle up to 256 subnets. Should the subnet performance re-

main a concern, a subn,_t with a selected group of users can be created. This subnet can be

monitored to determine its performance for a period of time. The results should help de-

termine the number of :;ubnets and the optimal number of workstations on it.

4.2 Workstation Solution

Currently, hard disks found on many workstations are too small. It leaves the workstations

running in a network-d_.pendent mode. A large portion of the system software and appli-

cations are being reloca::ed to file servers in order to free up local disk space. Workstations

frequently have to access this from a file server, increasing the amount of NFS traffic on

the network. For example, a user needs to run the PLOT3D application on the workstation;

this process requires rea:ling the application from the file server and then sending it through

the network. Users may be totally unaware of these transparent file transfers, but it take up

network bandwidth whi,_h could be useful in other operations.

Expanding the local storage on the workstations would allow operating system and appli-

cation software to be installed on the workstations. The demands on the server and the net-

work might be reduced, allowing better system and network throughput.

4.3 User Training

Currently, only a limited amount of solution analyses can be performed on a workstation

because of the limited re:sources of the workstations. WKSII makes solution analysis on

workstations possible as a result of higher CPU performance, more internal memory and

larger local storage space. More applications are expected to be performed on worksta-



tions. Datastill mayhaveto beretrievedfromtheCraycomputers.

Usersbehavioralsocontributesto theeffectsof NFStoNAS. Unfortunately,thisbehavior

cannotbeeasilypredictedormodelled.Let'sconsiderauserwhoneedsto runPLOT3D
onaworkstation.Theuserneedsto startup theapplicationontheworkstationandreadin
thedatasetfrom theremotecomputer.Therearetwowaysof doingit. Hecannfsmount

theremotefile systemandusethedata,or hecancopythefile to a localdisk,assuming
localstoragespaceisavailable.

Thefirst approachallowstheusertoretrievethedatainatransparentmanner.All theuser

needsto do isnfsmounttheremotefile system;theremotedatacanbeusedaslocaldata.
Hemaynotbeawarethatsendinga 160MB datafile throughthenetworkwill takeup30%
of thenetworkbandwidthandlastat least15minutes.Sometimesuserwantsto rerunthe

applicationfor somereason;saythereis amistake,andtheuserneedsto restarttheappli-
cation.Thedatasethasto besentthroughthenetworkagain;thiswill onceagaincreate
morenetworktraffic. Thisprocesswill goonuntil theuserhascompletedwith thejob.

Thesecondapproachis readingtheremotedatasetontohisworkstationdisk. Theuser

onlyneedsto transferthedatathroughthenetworkonce.After that,thisdataonthework-

stationcanbe repeatedlyuseduntil it isnotneededanymore. Thecritical assumptionis
thattheuserhasadiskwithenoughstoragespacefor the160MB dataset.

It canbeseenthatusers'behaviorplaysanimportantrolein theNFSperformanceandthe
thenetworkresources;therefore,it is importantto educatetheuserstousetheseresources

properly.Someof theguidelinesusersshouldfollow are:

• Usersshouldmaximizetheworkstationdiskusagebystoringthecurrentlyin-use

dataon it. Thiscanbedoneby cleaningupthelocaldiskasa routinepractice.
Remotefilesshouldbecopiedto workstationsonlywhennecessary.Thesefiles
shouldstayontheworkstationandbeusedaslongaspossible.

• Whena newapplicationis developedto run in adistributedmodebetweenthe

workstationsandtheCraycomputers,theprogramshouldreaddatain fromthe
softwarerunningontheCraycomputer.Thiswill avoidsendingdatathroughthe
network.



• If anapplicationhasto bedevelopedto runontheworkstationbutrequiresdata
to bereadin from theremotecomputer,usersshouldattemptto useworkstation

resourcesfirsl. Forexample,createasmalldataseton theworkstationharddisk
andusethisdatafordevelopmenttestinguntil theapplicationisreadytobetested

withdataretrievedfromtheremotecomputers.
• UsingtheCraysupercomputersasbig file serversorasabackupdeviceshouldbe

avoided.

Thesearesomebutnotill of theprinciplesthatusersshouldfollow. Whennewideascome
up, theyshouldbeshaledwith all users. Of course,it is understoodthatretrievingdata
fromtheremotecompu:erscannotbeavoidedincertainsituations.Shouldthisbethecase,

usersareencouragedtoexercisetheirjudgementto avoidanyabusiveusageof thenetwork

resources.If thesesuggestionscanbeimplemented,NFSactivitiesontheNAScomputing
environmentcanbemi:limized,andNFSimpactwill becomeminimal,andtheworkload
on theHSPcomputerswouldbeoff-loaded.

5.0 Conclusion

NFS is a valuable tool; it should be made available to NAS users. It allows remote file sys-

tems to be shared by different users. Although the case study shows that the impact of NFS
on the current NAS network is potentially high, we should direct our efforts to correct the

roots of the problem: the workstation local storage problem and the network problem. We

can also re-educate the NAS users by providing NFS guidelines so that the impacts of NFS
on the NAS computing environment is minimal. Users should be encouraged to use the
computer and network resources intelligently.





Appendix A. NFS Te;t Result on Navier

BASIC TESTS (directory/r/navier/nb/lam/test/testdir)

The test directory is/fin tvier/nb/lam/test/testdir

testl: File and directory creation test
created 155 files 62 directories 5 levels deep in 19.22 seconds
testl ok.

test2: File and directory removal test

real 20.3

user 0.2

sys 10.9
test2 ok.

The test directory is/r/mvier/nb/lam/test/testdir
test3: lookups across mount point

500 getwd and stat calls in 24.67 seconds
test3 ok.

The test directory is/r/navier/nb/lam/testJtestdir

test4: setattr, getattr, anti lookup
1000 chmods ard stats on 10 files in 22.43 seconds

test4 ok.

The test directory is/r/navier/nb/lam/test/testdir
test5: read and write

wrote 1048576 byte file 10 times in 59.16 seconds (177724 bytes/sec)

read 1048576 byte file 10 times in 66.80 seconds (158875 bytes/sec)
test5 ok.

The test directory is/r/n;tvier/nbflam/test/testdir
test6: readdir

20500 entries re ad, 200 files in 41.79 seconds
test6 ok.

The test directory is/r/navier/nb/lam/test/testdir
test7: link and rename

200 renames and links on 10 files in 23.9 seconds

test7 ok.

The test directory is/r/navier/nb/lam/test/testdir

test8: symlink and readlink
test8: (/r/navier/nb/larn/test/testdir) can't make symlink file.0 : I/O error

The test directory is/r/navier/nb/lam/test/testdir



test9:staffs
type=l,bsize=4096,blocks=5940480,bfree=l51568,
bavail=5788912,files=0,ffree=0,fname=navier,fpack=
1500statfscallsin 19.85seconds
test9ok.

Congratulations,youpassedthebasictests!

GENERALTESTS(directory/r/navier/nb/lam/test/testdir)
if (-d/r/navier/nb/lam/test/testdir)then
rm -rf/r/navier/nb/lam/test/testdir

rnkdir/r/navier/nb/lam/te st/testdir
endif

cp Makefile runtests *.sh *.c mkdummy rmdummy nroff.in makefile.tst \
/r/navier/nb/lam/test/t estdir

Small Compile
8.3 (3.2) real 2.1 (0.1) user 2.0 (0.4) sys

Tbl

stat: bad data format in tbl.time (Permission denied: tbl)

Nroff

stat: bad data format in nroff.time (No such file or directory: nroff)

Large Compile
17.8 (3.1) real 4.5 (0.0) user 3.0 (0.4) sys

Four simultaneous large compiles

37.7 (2.2) real 17.7 (0.3) user 10.9 (0.3) sys

Makefile

11.2 (0.6) real 1.1 (0.0) user 5.8 (0.2) sys

SPECIAL TESTS (directory/r/navier/nb/lam/test/testdir)

if ( -d/r/navier/nb/larrgtest/testdir) then
rm -rf/r/navier/nb/lam/test/testdir

mkdir/r/navier/nb/lam/test/testdir
endif

cp runtests open-unlk open-chmod dupreq excltest staffs negseek rename holey
/r/navier/nb/lam/test/testdir

check for proper open/unlink operation

nfstesta29367 open; unlink ret = 0
Test completed successfully.

check for proper open/chmod 0 operation



nfstesta29368open;clmtodret= 0
testcompletedsuccessfully.

checkfor lostreplyonn3n-idempotentrequests
100tries,0 lostreplies

testexclusivecreate,shouldget:exctest.file2:Fileexists
exctest.file2:Fileexists

teststatfsfor file count,_houldgetpositive,differentnumbers
(knownbugin someimplementations)
inodes4606free3395

testnegativeseek,youshouldget:read:Invalidargument
read:Invalidargument

testrename
Testcompletedsuccessfally.

testsparsefilewrite/read

Holeyfile testok

Specialtestscomplete

All testscompleted





Appendix B. NFS Test Result on Reynolds

BASIC TESTS (directoiy/r/reynolds/rb/lam/test/testdir)

The test directory is/r/reynolds/rb/lam/test/testdir

testl: File and directory creation test
created 155 files 62 directories 5 levels deep in 16.70 seconds

testl ok.

test2: File and directory :-emoval test

real 36.0
user 0.3

sys 11.7
test2 ok.

The test directory is/r/reynolds/rb/lam/test/testdir

test3: lookups across mount point

500 getwd and slat calls in 56.76 seconds
test3 ok.

The test directory is/r/reynolds/rb/larn/test/testdir

test4: setattr, getattr, and lookup
1000 chrnods an:l stats on 10 files in 19.59 seconds

test4 ok.

The test directory is/r/reynolds/rb/lam/testJtestdir
test5: read and write

wrote 1048576 byte file 10 times in 64.36 seconds (163840 bytes/sec)

read 1048576 b_yte file 10 times in 71.18 seconds (147686 bytes/sec)
test5 ok.

The test directory is/r/reynolds/rb/lam/test&estdir
test6: readdir

20500 entries read, 200 files in 36.73 seconds
test6 ok.

The test directory is/r/reynolds/rb/lam/test/testdir
test7: link and rename

200 renames anct links on 10 files in 19.66 seconds

test7 ok.

The test directory is/r/reynolds/rb/lam/test/testdir

test8: symlink and readlink
test8: (/r/reynolds/rb/larn/test/testdir) can't make symlink file.0 : I/O error

The test directory is/r/reynolds/rb/lam/test/testdir



test9:statfs
type=1,bsize=4096,blocks=7150080,bfree=1142704,
bavail=6007376,files=0,ffree=0,fname=reynol,fpack=ds
1500staffscallsin 17.17seconds
test9ok.

Congratulations,youpassedthebasictests!

GENERALTESTS(directory/r/reynolds/rb/lam/test/testdir)
if(-d/r/reynolds/rb/lam/test/testdir)then
rm -rf/r/reynolds/rb/lam/test/testdir
mkdir/r/reynolds/rb/larn/test/testdir
endif
cpMakefileruntests*.sh*.c mkdummyrmdummynroff.inmakefile.tst\

/r/reynolds/rb/lam/test/testdir

Small Compile

7.1 (2.5) real 1.9 (0.0) user 1.8 (0.4) sys

Tbl

stat: bad data format in tbl.time (Permission denied: tbl)

Nroff

stat: bad data format in nroff.time (No such file or directory: nroff)

Large Compile

12.1 (1.0) real 4.3 (0.0) user

Four simultaneous large compiles
39.6 (1.8) real 17.9 (0.3) user

Makefile

10.6 (0.6) real 1.1 (0.1) user

2.3 (0.1) sys

10.9 (0.1) sys

5.5 (0.2) sys

SPECIAL TESTS (directory/r/reynolds/rb/lam/test/testdir)
if ( -d/r/reynolds/rb/lam/test/testdir) then

rm -rf/r/reynolds/rb/lam/test/testdir
mkdir/r/reynolds/rb/lam/test/testdir
endif

cp runtests open-unlk open-chmod dupreq excltest staffs negseek rename holey
/r/reynolds/rb/lam/test/testdir

check for proper open/unlink operation
nfstesta28720 open; unlink ret = 0

Test completed successfully.

check for proper open/chmod 0 operation

nfstesta28721 open; chmod ret = 0



testcompletedsuccessfully.

checkfor lostreplyonnon-idempotentrequests
100tries,0 lostreplies

testexclusivecreate,shouldget:exctest.file2:Fileexists
exctest.file2:Fileexists

teststaffsfor file count,shouldgetpositive,differentnumbers
(knownbuginsomeirrtplementations)
inodes4606free3395

testnegativeseek,youshouldget:read:Invalidargument
read:Invalidargument

testrename
Testcompletedsuccessfully.

testsparsefile write/read

Holeyfile testok

Specialtestscomplete

All testscompleted




